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157) ABSTRACT

In a forage harvester having an acoustic detector for
sensing air-borne sounds produced by the impact of
hard foreign objects on the crop feed mechanism of the
harvester, a start-up control is provided for inhibiting
the detector output during the intervals when the crop
feed mechanism is stopped or being brought up to run-
ning speed. In forage harvesters having metal detectors
for sensing the presence of metal in the crop matenial,
the electromagnetic sensor in the metal detector inher-
ently produces a noise output signal which is dependent
on the speed of the crop feed mechanism, and this signal
1s used to control the inhibiting of the acoustic detector
output.

10 Claims, 3 Drawing Sheets
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ACOUSTIC DETECTOR WITH START-UP
CONTROL

RELATED APPLICATIONS

This application discloses subject matter which is
disclosed and claimed in the concurrently filed applica-
tions of Carl E. Bohman et al. Ser. No. 07/603,606
entitied Method and Apparatus For Hard Object De-
tection, Carl E. Bohman et al. Ser. No. 07/603,609
entitled Metal and Hard Object Detectors with Shared
Fixed Support Inside a Feed Rool, and John R. Me-
Clure et al. Ser. No. 07/603,608 entitled of a Shear Bar
Using Air-borne Sound Detector.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an acoustic detector
for detecting the presence of hard foreign objects in a
material being transported along a feed path by a feed
mechanism. More particularly, the present invention
relates to an acoustic detector having inhibit means
associated therewith for inhibiting any output signal
from the detector during periods of time when the feed
mechanism is stopped or is moving at less than its nor-
mal operating speed. The invention is particularly
suited for use with agricultural harvesting equipment
but finds use in material feed mechanisms of general
utility.

2. Description of Prior Art

The problem of hard foreign materials in Crop mate-
rial being processed by agricultural harvesting equip-
ment moving across farm fields is well known and much
time and money has been expended in efforts to solve
the problem. Magnetic detection systems such as that
disclosed in U.S. Pat. No. 3,959,953 to Garrott have
been developed for the detection of ferrous metal ob-
jects in crop material. However, magnetic detection

Systems are not capable of detecting non-ferrous hard
objects such as stones.

U.S. Pat. No. 4,353,199 to Chow et al. discloses an
acoustic system for detecting the presence of stones and
other hard foreign objects in crop material being fed
through a forage harvester. In this system a piezoelec-
tric acoustic sensor is mounted on the interior surface of
a rotatable crop feed roll so as to sense vibrations in-
duced in the feed roll by hard objects striking its exte-
rior surface. However, this system requires that the feed
roll be shock mounted so as to isolate the feed roli (and
thus the sensor) from machine generated vibrations.
Furthermore, since the sensor rotates with the feed roll
in which it is mounted, a rotary coupling or slip ring
must be provided in order to transmit signals generated
by the sensor to circuitry, external of the feed roll,
which controls the stopping of the feed mechanism of
the harvester.

The concurrently filed application of Carl E. Boh-
man et al.,, Ser. No. 07/603,606 discloses and claims an
acoustic detector system for detecting stones and other
hard objects in a material being transported along a feed
path of a forage harvester by a feed mechanism, the
acoustic detector system including a microphone dis-
posed 1n a fixed position inside a feed roll and producing
output signals in response to air-borne sound waves
induced inside the feed roll by impacts of hard foreign
objects on the feed mechanism. The microphone re-
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sponds to the sound waves by producing an output
signal for stopping the feed mechanism.

Acoustic hard object detection systems, whether
responsive to air-borne sound waves as in the Bohman
et al. application or mechanically transmitted vibrations
as in the Chow et al. patent, are sensitive to sounds and
vibrations produced as drive power is initially applied
to the feed mechanism. Also, the impact of tools on the
harvester during repair and adjustment periods tend to
trigger the detector system thereby stopping the feed
mechanism. To overcome these problems, it has been
customary to reduce the sensitivity of the acoustic de-
tector system. However, this reduced sensitivity re-
duces the ability of the detector system to detect small
stones and other hard objects during normal operation.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a
novel method and apparatus for controlling an acoustic
detector system for detecting hard objects in a material
being transported by a feed mechanism whereby the
system 1s insensitive to all sounds and vibrations during
intervals when the feed mechanism is not running at a
minimum operating speed. |

An object of the present invention is to provide an
acoustic detector system as described above which is
more sensitive than prior art acoustic detector systems
during intervals when the feed mechanism is running at
1ts normal operating speed.

According to the method of the present invention, all
signals produced by an acoustic hard object detector
are inhbited during intervals when the material feed
mechanism is stopped, and during a start-up interval
when it is running at less than an enabling speed. Appa-
ratus for carrying out the method may take many forms
but 1n a forage harvester having a metal detector it is
advantageous to use signals generated by the metal
detector for inhibiting the output signal from the hard
object detector. ‘

Other objects, features and advantages of the inven-
tion and its mode of operation will become apparent
upon consideration of the following description and the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic side view of a forage harvester
in which the invention may be used;

FIG. 2 is a part-sectional view taken along line 2—2
of FIG. 1 and illustrating a microphone supported
within a rotatable feed roll:

FIG. 3 is a sectional view taken along line 3—3 of
FIG. 2 illustrating the support for a microphone;

FIG. 4 is a view similar to FIG. 3 showing a modified
form of support for a microphone; and,

FIG. § is a block diagram of the crop feed stop con-
trol circuit.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 illustrates an improved forage harvesting ma-
chine of the kind in which the present invention may be
employed. It is apparent that the invention may also be
employed with benefit for the protection of other types
of farm machinery, and that it has other monitorin g and
alarm actuating applications aside from protecting farm
machinery from damage caused by the ingestion of
stones and other hard objects. The representative farm
machine illustrated in FIG. 1 may be similar to the
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forage harvester in U.S. Pat. Nos. 3,523,411 and
3,959,953 to Garrott.

The forage harvester, generally designated by refer-
ence numeral 10, comprises a base unit 11 and an attach-
- ment 12 for gathering crop material and feeding it to the
base umit for processing. Attachment 12 directly cuts
crop material in the field and feeds it to base unit 1
where it is chopped and eventually conveyed to a trail-
ing forage wagon (not shown). A direct cut attachment
1s shown for exemplary purposes but in actual practice
any type of attachment, e.g., a row crop unit or a wind-
row pickup, could be used with a base unit of the type
shown insofar as the present invention is concerned.

More particularly, the attachment shown includes a
reel 13, depicted in phantom, which operates in a con-
ventional manner to guide material over a cutter bar 14
and up an inclined floor 15 to a consolidating auger 16,
also depicted in phantom outline. Attachment 12 is
pivotally mounted to base unit 11 at 17 and is adapted to
- feed crop material to the space between upper and
lower front reed rolls 18, 20 and then on to upper and
lower rear feed rolls 21, 22 which in turn feed material
to a cutterhead 23 (shown in phantom) which chops the
crop material and guides it rearwardly to conveyor
means 24 in a well known manner. The conveyor 24
~commonly comprises an auger mounted transversely
for feeding the chopped crop material to a blower unit
~which conveys it upwardly via a vertical spout 25 (par-
tially shown) and then rearwardly to a trailing forage
wagon.

The front and rear pairs of upper and lower feed rolls
compress Into a mat-like configuration the crop material
which has been gathered by the attachment and consoli-
~dated by auger 16. The mat of material is fed rearwardly
across the top surface of a shearbar 26 which is opera-
tively associated with a series of cutting elements 27
(one of which is shown in phantom) on rotating cutter-
head 23 journaled for rotation by mounting assembly 28
in sidewall 30 of base unit 11.

The present invention is directed to start-up control
of an apparatus for detecting stones and other hard
objects in the crop material being fed to cutterhead 23.
More particularly, it is concerned with start-up control
of a detection means mounted in the lower front feed
roll 20 for detecting stones and other hard objects in the
compressed mat and 1nitiating a control signal in re-
sponse thereto for discontinuing transport of the crop
material prior to introduction of the sensed object to the
area at which the shearbar 26 and cutterhead 23 cooper-
atively engage and cut the crop.

Lower front feed roll 20, shown in detail in FIG. 2,
includes a stationary shaft 31 on which the feed roll is
journaled for rotation in bearing assemblies 32, 33 suit-
ably mounted in feed roll end caps 34, 35. A generally
tubular outer wall 36 of the feed roll is secured to end
caps 34, 35 by fastening means 37, 38. A series of radial
aggressive nonferrous flange elements 39 are provided
for engaging and feeding the mat of crop material in the
usual manner.

A splined studb drive shaft 40 is contained by a collar
41 forming an integral part of end cap 35. When drive
shaft 40 1s rotated by a feed drive mechanism (not
shown) of the forage harvester, the drive force rotates
feed roll end caps 34, 35 and the tubular outer wall 36 of
the feed roll. Bearings 32, 33 permit rotation of the end
caps even though the shaft 31 remains stationary. In this
regard, the left end of shaft 31, as viewed in FIG. 2, may
be keyed to a support block affixed to the frame of the
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forage harvester as shown in the aforementioned patent
to Chow, et al.

Referring generally to FIGS. 2 and 3, a metal detec-
tor assembly 42 1s mounted on the stationary shaft 31 as
described in U.S. Pat. No. 4,433,528 to Bohman. The
metal detector assembly 42 includes a cover plate 43
and a mounting plate 44 which serve to support and
cover the magnet sets 54, 58, printed circuit board 74
and sensing coils 64, 65 of the two-channel metal detec-
tor. Mounting plate 44 is secured to fixed shaft 31 by a
series of bolts 46 and nuts 47 spaced by spacers 48, 50
disposed between the inner surface of plate 44 and shaft
31. Cover plate 43 is secured to, and aligned with, the
outer surface of mounting plate 44 by a series of metal
screws 31. The printed circuit board 74 carries circuitry
for the processing of signals generated by the sensing
coils 64, 65. The printed circuit board 74 is mounted on
brackets 75 which are in turn attached to mounting
plate 44. The sensing coils 64, 65 and magnets sets 54, 58
are mounted in a region above the inclined surfaces 52,
53 of mounting plate 44 and below the cover plate 43 as
tllustrated in the above-mentioned Bohman patent. A
first pad 66 electrically insulates the sensing coils 64, 65
from the interior upper surface of cover plate 43 while
a second pad 63 insulates the coils from magnets 54, 58.

Briefly, the sets of magnets 54, 58 generate a magnetic
field which extends into the crop feed path. When a
ferrous object passes through the field it changes the
field and this change is sensed by sensing coils 64, 65.

Conductors for carrying signals from the printed
circuit board 74 to external control circuits for stopping
the crop feed mechanism of the harvester are gathered
into a cable 55. The fixed shaft 31 is provided with a
channel or passageway through which the cable § is
routed to the external control circuits.

In accordance with the principles of the present in-
vention an acoustic sensor in the form of a microphone
60 is mounted in the interior of feed roll 20 to sense
air-borne sound waves resulting from impacts of hard
objects on the crop feed mechanism. As shown in FIG.
3, the microphone 60 may be mounted on the exterior
top surface of cover plate 43. An acoustic isolator 61 is
provided between the microphone 60 and the cover
plate 43 to minimize or impede transmission of machine
vibrations through shaft 31, mounting plate 44 and
cover plate 43 to the sensor. Lead wires (not shown)
from the microphone may be routed through a hole in
cover plate 43 to signal processing circuits on printed
circuit board 74 and the processed signals may be
routed through leads in cable 55 to control circuits
which control the stopping of the crop feed mechanism.

The microphone 60 may be a sheet or strip of thin
film polyvinylidene fluoride. Piezoelectric transducer
material of this type is sold by the Pennwait company
under the trademark KYNAR. This material has high
directional sensitivity to sound waves and is available in
thicknesses in the range of 0.4 to 30 mil. Because it is so
thin, the microphone 60 may be placed on the exterior
surface of cover plate 43 between the plate and the
interior surface of the rotatable tubular wall 36 of the
feed roll 20. However, microphone 60 may be mounted
within cover plate 43 if desired.

From FIG. 1 it is seen that the metal detector assem-
bly 42 may be mounted on shaft 31 at an angle such that
the top cover plate 43 faces toward the shaft 19 on
which the upper front feed roll 18 is mounted. The
microphone 60 1s thus directed normal to the crop feed
path and toward the region where stones or other hard
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objects in the crop material are most likely to impact
one of the feed rolls 18, 20. This, coupled with the
highly directional sound pickup characteristic of the
microphone 60 enable it to better sense sounds resuiting
from impacts of hard objects on the feed rolls 18, 20
while discrniminating against other sounds and vibra-
tions such as occur during normal operation of the for-
age harvester. However, as subsequently described
with reference to FIG. 4, it 1s not essential that the
microphone be directed normal to the crop feed path.

It 1s preferable that the microphone 60 be located in
the lower front feed roill 20. If it is positioned in one of
the rear feed rolls 21, 22 then there may be insufficient
time to detect a hard foreign object and stop the crop
feed mechanism before the object reaches cutterhead 23
and shearbar 26. The lower front feed roll 20 is pre-
ferred over the upper front feed roll 18 because the hard
foreign objects, being heavier than the crop material,
tend to gravitate to the bottom of the mat of crop mate-
- nal and are more likely to impact the lower feed roll.
Thus, if the microphone 60 is placed in the lower front
feed roll 20 it 1s closer to the region most likely to be
mpacted by the foreign objects.

FIG. 4 shows an alternative embodiment of a means
for mounting the microphone 60. In this embodiment a
mounting bracket in the form of a U-shaped channel 62
is supported from stationary shaft 31 by bolts 46 which
extend through spacers 68. The microphone 60 is
mounted on a printed circuit board 67 which includes
the electrical components necessary for processing out-
put signals produced by the microphone. The printed
- circuit board 1s supported by the channel 62 with a pad
61’ of foam rubber or other vibration-absorbing material
being interposed between the channel and the printed
circuit board. Leads (not shown) from the printed cir-
cuit board 67 may be routed through a hole in mounting
plate 44 and the channel in fixed shaft 31 to circuits for
controlling the crop feed mechanism. FIG. § 1s a block
diagram of a circuit for controlling the stopping of the
crop feed mechanism in response to the detection of a
metal or other hard object in the crop feed. For the
detection of stones and other hard foreign objects the
circuit includes the microphone sensor 60 having its
output connected through an amplifier 116 to a band
pass filter 118 which filters out frequencies above or
below the frequency range characteristic of impacts of
~ hard objects on the feed mechanism. The output of filter
118 1s applied to an analog gate 120 and, assuming the
gate 1s enabled as subsequently described, the output of
filter 118 1s applied to a threshold detector or compara-
tor 126 where 1t 1s compared with a reference signal V,.
The purpose of comparator 126 is to block small ampli-
tude signals produced by microphone sensor 60 such as
those signals produced upon sensing noises generated
by the harvester during normal operation.

When the magnitude of the output signal from gate
120 exceeds V,, comparator 126 produces an output
signal which passes through OR 108 to trigger a single
shot multivibrator (SSMV) 110. The SSMV 110 pro-
duces an output signal of fixed duration each time it is
triggered. This signal is applied to a stop pawl solenoid
112 to deenergize the solenoid.

As explained in U.S. Pat. No. 3,959,953, the forage
harvester illustrated in ¥IG. 1 1s provided with a crop
feed mechanism which includes a ratchet wheel and a
cooperating solenoid-actuated, spring biased, stop pawl.
The solenoid (corresponding to solenoid 112) is nor-
mally energized so that the crop feed mechanism, in-

10

15

20

25

30

35

45

50

535

65

6

cluding upper and lower front feed rolls 18 and 20 and
upper and lower rear feed rolls 21, 22 may be driven.
When the solenoid is deenergized, the pawl! is moved
into engagement with the ratchet by the spring, thereby
stopping the crop feed mechanism. A slip clutch is pro-
vided so that the stopping of the crop feed mechanism
does not damage the drive train of the harvester. The
stop pawl may be reset after the deenergizing signal
from SSMYV 110 1s terminated by reversely driving the
crop feed mechanism.

Acoustic hard object detectors used in agricultural
machines exhibit a sensitivity to the noise which occurs
at the time the crop feed mechanism starts up. This
noise can generate signals in the sensor via air or struc-
ture borne coupling and the generated signals are com-
parable in character to signals resulting from the impact
of hard objects on the feed rolls. In the past the sensitiv-
ity of acoustic object detectors has been reduced by
adjusting the threshold reference V, applied to thresh-
old comparator 126 to thereby prevent outputs from the
detector during start-up. However, this reduced sensi-
tivity compromises the ability of the detector to detect
some stones, particularly small stones.

The circuit of FIG. § solves the problem of start-up
noise by disabling the output of the acoustic object
detector 101 while the crop feed mechanism is stopped
and for a short interval after it is started. FIG. § shows
the circuits of a two-channel metal detector 100 of the
type described 1n U.S. Pat. No. 4,433,528. Each channel
of the metal detector includes a sensing coil 64 or 65
having its ocutput connected through a respective ampli-
fier and filter circuit 102 to one input of a threshold
comparator 104. The comparators receive a reference
voltage V, at a second input and the outputs of the
comparators are connected to an OR 106. The reference
voitage applied to comparator 104 is set to a value such
that noise signals, generated by sensor 65 as the result of
sensing moving metal parts of the feed mechanism, will -
not cause the comparator 104 to produce an output
signal.

When either of the sensors 64, 65 senses the presence
of a piece of ferrous metal in the crop material being fed
through the harvester, the sensor produces an output
signal to the circuit 102. This circuit amplifies the sensor
output signal and filters it to pass the frequencies char-
acteristic of metal objects moving in the magnetic field
of magnets 54, 58. The filtered signal is then compared
with V, by comparator 104 and if the magnitude of the
signal is greater than V, the comparator produces an
output signal which passes through OR 106 and OR 108
to trigger SSMV 110. The output of SSMV 110 deener-
gizes stop pawl solenoid 112 to stop the crop feed mech-
anism as described above.

To disarm the output of acoustic object detector 101
during the start-up of the crop feed mechanism, the
output of the amplifier and filter circuit 102 in either
channel of the metal detector is connected to a detec-
tor/low pass filter circuit 122. The output of this circuit
1s connected to a threshold comparator 124 which com-
pares the magnitude of the signal from circuit 122 with
a reference voltage V,. The output of comparator 124 is

applied as an enable/disable signal to the analog gate
120.

When the crop feed mechanism is at rest, the output
of amplifier and filter circuit 102 is minimal hence the
signal applied to comparator 124 is less than V,. The
resulting output signal from comparator 124 blocks gate
120 so that any signal produced by acoustic sensor 60 is
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prevented from passing through the gate. The acoustic
object detector 101 is therefor unable to produce an
output signal from comparator 126. This insures that
duning repair and maintenance intervals vibrations and
sounds produced by tools impacting the harvester will
not cause detector 101 to produce an output signal to
inadvertently release the stop pawl solenoid 112.

When the crop feed drive is engaged, and the crop
feed mechanism begins to move, the movement of metal
parts in the crop feed mechanism within the field of
sensing coils 64, 65 causes the outputs of the sensors to
rise. The signal from sensor 65 acts through amplifier/-
filter 102 and detector/filter 122 to apply a signal to
comparator 124. The reference signal V,is chosen such
that 1t 1s greater than the signal from detector/filter 122
during the start-up interval so that the gate 120 remains
blocked. Thus, signals produced by acoustic sensor 60
during the start-up interval are blocked and acoustic
object detector 101 produces no output signal. This
msures that sounds and vibrations peculiar to the start-
up of the crop feed mechanism will not cause detector
101 to produce an output signal.

Since the magnitude of the output signal from sensor
6S is in part dependent on the velocity of metal mem-
bers (including machine parts) moving within its sens-
ing field, the output signal from sensor 65, and thus the
output signal from detector/filter 122 continues to rise
until the crop feed mechanism reaches its normal run-
ning speed. As the crop feed mechanism reaches ap-
proximately one-quarter of its running speed, the output
of detector/filter 122 exceeds V, and comparator 124
produces an output signal to enable the gate 120. There-
fore, any signal produced by acoustic sensor 60 after the
crop feed mechanism has reached enabling speed may
pass through gate 120 to comparator 126 and, if the
signal applied to comparator 126 is greater than V,, the
comparator will produce a signal to stop the crop feed
mechanism as described above.

It is evident that the acoustic hard object detection
system described above is more sensitive and reliable
than acoustic detection systems of the prior art. This
increased sensitivity results from several factors includ-
ing the directional sensitivity of the microphone 60 and
its location close to the most likely region of impact of
foreign objects. Furthermore, because of the acoustic
detector is inhibited during start up of the crop feed
mechanism, the reference voltage V,applied to compar-
ator 126 may be set to a lower value thus enabling the
detection of lower magnitude output signals from
acoustic sensor 66 during normal operation.

The start-up noise inhibiting feature is provided with
no modification of existing circuits and with the addi-
tion of only the detector/filter 122, comparator 124 and
analog gate 120. These elements, as well as the amplifier
116, filter 118, comparator 126 and OR 108 may conve-
mently be mounted on printed circuit board 74 which is
already present in forage harvesters having a metal
detector if the mounting arrangement shown in FIG. 3
1s utilized. If the mounting arrangement of FIG. 4 is
utilized, the elements 116, 118, 120, 122, 124, 126 and
108 may be included on printed circuit board 67.

While a preferred embodiment of the invention has
- been described in specific detail for purposes of illustra-
tion, it will be understood that various modifications
and substitutions may be made in the described embodi-
ment without departing from the spirit and scope of the
invention as defined by the appended claims. For exam-
ple, in apparatus having no metal detector, the gate 120
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may be controlled by the output of a timer or delay
circuit actuated concurrently with the crop feed mecha-
nism and producing an output signal to enable gate 120
after an interval of time sufficient for the crop feed
mechanism to reach one-quarter of its normal operating

speed. In a further arrangement, the gate 120 may be

eliminated and a logic AND gate provided, the AND
gate being responsive to comparators 124 and 126 and
having its output connected to OR 108. The method
and apparatus of the invention may be used with acous-
tic sensors responsive to air-borne sound waves or me-
chanically transmitted vibrations.

The invention in which an exclusive property or
privilege is claimed is defined as follows;

1. In a forage harvester having a crop feed mecha-
nism for transporting a crop material to a cutterhead,
means for stopping the crop feed mechanism, an acous-
tic sensor for sensing the impact of hard objects on said
feed mechanism, and circuit means responsive to said
acoustic sensor for actuating said stop means when an
impact is sensed by said acoustic sensor, the improve-
ment comprising:

control means for producing a first signal during

intervals said crop feed mechanism is at rest or
running at less than a predetermined speed and a
second signal during intervals said crop feed mech-
anism is running at least as fast as said predeter-
mined speed, said control means being connected
to said circuit means to inhibit actuation of said
stop means by said circuit means during intervals
when said first signal is produced.

2. The improvement as claimed in claim 1 wherein
said control means includes sensor means for sensing
movement of said crop feed mechanism and producing
an output signal whose magnitude depends on the rate
of movement of said crop feed mechanism; and means
responsive to said output signal for producing said first
signal only when said output signal is less than a prede-
termined magnitude.

3. The improvement as claimed in claim 2 wherein
said sensor means comprises a sensing coil of a magnetic
metal detector for detecting the presence of metal in the
crop material being transported, said metal detector
further comprising means connected to said sensing coil
for energizing said stop means when said output signal
1s at least as great as a threshold value.

4. The improvement as claimed in claim 1 wherein:

said control means comprises sensing means respon-

sive to the rate of movement of said crop feed
mechanism or the presence of metal in the crop
material being transported for producing an output
signal, threshold comparator means responsive to
said sensing means for producing said first signal
only when the magnitude of said output signal is
less than a reference magnitude, and gating means
responsive to said threshold comparator means for
inhibiting passage of a signal from said acoustic
sensor through said circuit means.

5. The improvement as claimed in claim 4 and further
comprising second threshold comparator means respon-
stve to said sensing means for producing a second signal
only when the magnitude of said output signal is at least
as great as a second reference magnitude; and means
responsive to said second signal for actuating said stop
means.

6. The improvement as claimed in claim 5 wherein
said first threshold comparator means comprises means
for comparing said output signal with a first threshold
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value and said second threshold comparator means
comprises means for comparing said output signal with
a second threshold value, said second threshold value
bemng greater than the first threshold value.

1. In an apparatus having a feed mechanism for trans-
porting a material means for stopping the feed mecha-
nism, a sensor for sensing the impact of hard objects on
said feed mechanism, and circuit means responsive to
said sensor for actuating said stop means when an im-
pact is sensed by said sensor, the improvement compris-
ing:

control means for producing a first signal during

intervals said feed mechanism is at rest or running
at less than a predetermined speed and a second
signal during intervals said feed mechanism is run-
ning at least as fast as said predetermined speed,
sald control means being connected to said circuit
means to inhibit actuation of said stop means by
said circuit means during intervals when said first
signal 1s produced.

8. The improvement as claimed in claim 7 wherein
said control means includes sensor means for sensing
movement of said feed mechanism and producing an

output signal whose magnitude depends on the rate of
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movement of said feed mechanism; and means respon-
sive to said output signal for producing said first signal
only when said output signal is less than a predeter-
mined magnitude.

9. The improvement as claimed in claim 8 wherein
said sensor means comprises a sensing coil of a magnetic
metal detector for detecting the presence of metal in the
material being transported, and means connected to said
sensing coll for energizing said stop means when said
output signal is at least as great as a threshold value.

10. In an apparatus having a feed mechanism for
transporting a material, detector means for detecting
impacts of hard foreign objects in the material on the
feed mechanism, and stop means for stopping the feed
mechanism on detection of an impact, a method of pre-
venting the detector means from actuating said stop
mechanism in response to noise generated as said feed
mechanism 1s started, said method comprising:

actuating said feed mechanism; and

delaying the enablement of said detector means until

after said feed mechanism has reached a predeter-

mined enabling speed.
*x % X %
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